Abstract
Introduction
Eskom has embarked on a process of developing two very large coal-fired power stations, namely Medupi and Kusile. Given the on-going global debate regarding climate change, the question that could, and should, rightfully be asked is what is the social (including environmental/climate change) damage cost of embarking on this route, and hence the opportunity cost of doing so? This question is addressed here.
In order to address this question, some background information as to the value of a ton of carbon will first be considered. Thereafter, Eskom's carbon footprint and its contribution to a global social damage cost will be considered. Lastly, the opportunity cost, from a climate change damage cost perspective, of the two new power plants will be considered. It should be noted that this analysis excludes the contribution to externalities of other parts of the coal chain, such as plant construction, water, health and the coal mining operation itself, these are captured elsewhere in this publication (Riekert & Koch 2012; Inglesi-Lotz & Blignaut 2012; Nkambule & Blignaut 2012) . This paper will include a discussion on the amount of renewable electricity generation technologies that can be 'bought' by the social damage cost of the two new coal-fired power plants, and how many years it will take to establish the same power generation capacity when converting the damage cost into renewable electricity.
of time preference (PRTP). PRTP is defined as 'the marginal rate of substitution between present and future consumption under the condition that consumption levels in both periods are equal' (Anthoff et al., 2009:2) or, stated differently, the equalising rate whereby the value of current and future consumption would be the same. The choice of PRTP is important as it drives, to a very large extent, the estimate of the likely impact of climate change on national economies (Anthoff et al., 2009; Stern, 2008; Stern, 2007; Dasgupta, 2007; Nordhaus 2007) . 1 It is not only the choice of discount rate that influences the estimates, but also the time period, country focus, income levels of countries and distribution of income both within and among countries. It is, therefore, not surprising that there are very wide discrepancies in the results among studies, as can be seen from the summary of the studies reviewed by Tol (2009) (see Annexure 1). What is evident from Annexure 1, however, is that these studies agree that the region likely to be most adversely impacted upon is Africa (to the effect of between -2% and -5% of GDP).
While Africa's contribution to climate change through anthropogenic induced emissions of CO 2 is small, South Africa is considered a main global player in this respect (Blignaut et al., 2005) being the 13 th highest CO 2 emitter among nations (according to annual emissions in 2008) (UNSD, 2011) . This is largely as a result of its coal-fired power stations, the production of liquid petroleum from coal, and an electricity-intensive mining and base metals industry. There have been a number of studies attempting to quantify the external cost of the combustion of coal in South Africa, most notably with respect to electricity power generation (see Table 1 ). Spalding-Fecher and Matibe (2003) estimate the climate change impact of greenhouse gas emissions related to power generation to be about R7billion/y. PDG (2003) , considering all the negative impacts related to coal-fired power generation, estimates the impact to be between R75billion/y and R120bil-lion/y. Blignaut and King (2002) estimate the climate change related social damage cost of power generation to be R7.3billion/y, or approximately 24.6% of Eskom's 2002 sales revenue. Van Zyl et al. (1999) consider only the methane emissions from coal mines specifically and estimate the damage cost at approximately R1billion/y. Given the historic evidence both discussed here and summarised in Table 1 , the contribution of coal-fired power stations in South Africa to climate change related damage cost is meaningful, and requires regular attention and subsequent policy intervention to mitigate the impacts, adapt to the reality of climate change and reduce the country's future carbon intensity.
Determining coal-fired power stations' contribution to climate change induced damage cost hinges on two factors. The emission factor of a power station (tCO 2 /MWh) and the unit value of carbon dioxide. While Eskom's emission factors are published, the social damage cost of carbon (SCC) is not observed and is the subject of much debate. Blignaut and King (2002) , for example, base their estimates on Sandor (2001) who indicated the damage cost of CO 2 as between $5 and $10/tCO 2 ($18.3-$36.6/tC). Subsequently, however, many studies have been published considering the unit value of carbon dioxide.
The study that gained the most attention was that of Sir Nicholas Stern. Stern (2007 , however, was criticised heavily by some for the use of a very low PRTP (0.1%), a choice based largely on philosophical rather than empirical considerations. The outcome of using such a low PRTP is a very high social cost of carbon ($314/tC, or $85/tCO 2 ). This has become a bone of serious contention because the chosen unit value has a major impact on the total damage cost when multiplying it with total emissions. This, however, explains Stern's predictions that climate change could cost the global economy anything between 5% and 20% of GDP, a number much higher than most other studies (such as those listed in Annexure 1).
So, what are the alternative views with respect to the unit value of a ton of carbon? Tol (2005) , after reviewing 28 studies regarding the damage cost of climate change under varying PRTPs, found that the 'mode is $2/tC, the median $14/tC, the mean $93/tC, and the 95 th percentile $350/tC'. He concluded that 'the marginal damage costs of carbon dioxide emissions are unlikely to exceed $50/tC, and probably much smaller' (Tol, 2005 (Tol, :2064 . He also stated that '[i]f we use a pure rate of time preference of 3% -corresponding to a social rate of discount of 4 -5%, close to what most western governments use for most long term investments -the combined mean estimate is $16/tC, not exceeding $62/tC with a probability of 95%' (Tol, 2005 (Tol, :2073 .
Therefore, Tol preferred a pure rate of time preference, which is solely consumption-based as defined earlier, rather than a wider human preference or social discount rate, and estimated a relatively low range for the carbon values. In 2009 he conducted another review, this time of more than 200 studies (see Annexure 2), in which he concluded that 'for a standard discount rate, the expected value is $50/tC, which is much lower than the price of carbon in the European Union but much higher than the price of carbon elsewhere' (Tol, 2009:29) (it should be noted that these values are for 1995US$; Refer to Table 4 for the conversion to 2010 values). In a conclusion on the debate, Anthoff et al. (2009) state that the most likely social cost of carbon is approximately $41/tC ($11.18/tCO 2 ), if one ignores uncertainty and equity. If uncertainty and global income differentials among countries are taken into consideration through a variation of country parameters, the value lies somewhere between $61.6/tC ($16.8/tCO 2 ) and $206/tC ($56.18/tCO 2 ). While this is higher than Sandor's estimate, it is still much lower than Stern's. The range of estimates from a number of studies is summarised in Table 2 .
The values depicted in Table 2 are well within the range of acceptability. This is emphasised by Bell and Callan (2011:1, 3 ) who state that:
In 2009 an interagency team of U.S. government specialists, tasked to estimate the SCC, reported a range of values from $5 to $65 per tonne of carbon dioxide. The choice of a final figure (or range of figures) is, in itself, a major policy decision, since it sets a likely ceiling for the cost per tonne that any federal regulation could impose on the economy to curb CO 2 . At $5 a tonne, government could do very little to regulate CO 2 ; at $65, it could do significantly more. Higher SCC numbers, such as the United Kingdom's range of $41-$124 per tonne of CO 2 with a central value of $83, would justify, from an economics perspective, even more rigorous regulation.
Using modelling developed by economists and other analyses and tools described in detail in the following sections, the IWG panel report recommended a range of SCC values -$5, $21, $35, and $65 (in 2007 dollars) -per tonne of carbon dioxide with the intent that these values be used in individual rulemakings across government involving the regulation of CO 2 . $21 is the 'central number' and carries the most weight in analysis. Ackerman and Stanton (2011) , however, challenge this range of values. They estimate the social cost of carbon between $28/tCO 2 and $893/tCO 2 . Their study, however, has not been reviewed and proven yet. It does seem odd, though, that the authors assumed a fixed consumption discount rate of 1.5% per year, while also assuming a higher per capita growth rate for the first century. This implies negative pure discounting. 2 It is obviously a matter of concern, but it would explain the high damage cost values. Given the concern, these numbers are not used in this study.
Eskom's carbon profile and contribution to climate change related global damage cost
Eskom is South Africa's main power producing utility and it mainly uses coal (see Table 3 ). It is therefore no surprise that Eskom's carbon footprint is, by own admission, quite severe. Eskom (2011: 51-52) , through the Letter of the Chairman, states the following:
Due to the coal-centric nature of our generation mix, we are not satisfied with our current performance in this regard. Eskom's CO 2 emissions for the period were 230.3Mt, an increase of 2.5% on the previous year's 224.7Mt. We remain committed to reducing our emissions as conveyed in our climate change strategy. Our commitment is to see a reduction by 2030. Subject to the support from the shareholder and the allocation of nuclear and renewables to Eskom's power generation and carbon dioxide emissions profile is provided in Table 3 . Using this Table 3 information, in conjunction with the global assessment of the social damage cost of carbon (Table 2) , it is possible to estimate Eskom's contribution to such. This is depicted in Table 4 and Figure 1 using a range of damage cost estimates starting at $2/tC ($0.55/tCO 2 ) up to Stern's estimate of $314/tC ($85.63/tCO 2 ). Most of these values are for 1995US$; and are therefore first converted into $/tCO 2, and then adjusted to 2010 values using the inflation rate of the USA. The range becomes $0.8/tCO 2 to $112/tCO 2 . As an additional benchmark, an average market rate of $15/CO 2 has been added. This average market rate was derived from considering carbon prices within the EU emission trading scheme (ETS) programme, certifiable emission reduction (CER) certificate prices and prices in the voluntary carbon market.
Applying these values to the published emissions profile of Eskom converts to an estimated contribution to global damage cost. Eskom's contribution to global damage cost related to climate change is estimated to be between $183million (R1.3billion) and $28.8billion (R188billion) in 2010/11. Arguably the most likely range, using the median, market and high rates (which are the rates flanking the market rate), is between $3.5billion (R25.3billion) and $5.5billion (R41billion) (RSA, 2011) .
Given the anticipated damage cost of the two new coal-fired power stations, the question that can rightfully be asked is what the opportunity cost thereof is. In other words, how much power -using renewable power generation technologies -does either R6.3billion or R10.7billion a year, buy? To answer this question, the power generation unit costs, as published in the 2011 IRP of South Africa (given in Table 6 ) for a range of different technologies, are used. It should be noted that the capital costs of these technologies will probably decline over time, some estimate this to be as much as between 25% and 60%, as developments within the renewable electricity generation sector advances (Teske, 2011 ). This will, in all likelihood, improve matters all-round. Taking the respective load factors into account as well as the capital cost, and the fixed and variable cost for the different technologies as provided in Table 6 , it is possible to determine the annual required cost of operating these technologies. The power generation capacity (MW) and power generation output (MWh) that either R6.3billion or R10.7billion a year can 'buy' is presented in Table  7 .
The global damage cost due to climate change of Medupi and Kusile could 'buy' between 388 MW (municipal solid waste) and 3 381 MW (wind) every year, on a capacity basis assuming that the capital can be paid over 5 years, which is a very short and hence an overly conservative assumption. Alternatively, the opportunity cost is an additional generation output, after considering load factors, of between 1.9TWh (concentrated PV) and almost 10.1TWh (biomass). This implies that after between 7 (biomass) and 38 years (concentrated PV) the combined damage cost of Medupi and Kusile would have bought an equivalent generation capacity using renewable power generation technologies. This does not suggest that only one technology should be used; a technology bundle is probably more beneficial and/or realistic -also considering resource restrictions, such as biomass availability. This analysis does indicate that the environmental pay-back period of all the alternative technologies considered here, when internalising externalities, are well within the life-span of Medupi and Kusile, which is estimated to be 50 years (Action Sera club n.d.). The lower the cost of the technologies become, the shorter the environmental pay-back periods are likely to be.
Conclusion
Eskom, South Africa's primary power utility, has embarked on a capital expansion programme that, at its core, implies the development of two largescale coal-fired power plants, Medupi and Kusile. This is despite concerns and international pressure not to do so in the wake of the on-going debate and active effort to mitigate and offset carbon dioxide emissions. The question therefore is, at what (climate change damage) cost are these two power plants being built?
It is anticipated that the two power plants will emit about 60 million tons of CO 2 annually (excluding CO 2 emissions from construction, transports and coal mining). When considering a range of global damage costs of between $0.8/tCO 2 and $112/tCO 2 , the estimated damage cost is between R350 million and R49 billion per year. The most likely range is between R6.3 billion and R10.7 billion per year. This converts to a damage cost of between R0.10 and R0.17/kWh when assuming a net combined generation capacity of 8 677 MW and a load factor of 85%.
After considering the cost of renewable electricity generation technologies as per the IRP (RSA 2011:54) , it was estimated that, for the most part, it would be possible to develop the same amount of Notes: a) Assuming that the capital costs are repaid in 5 years and that there are no resource and/or technological constraints. b) While it is unlikely that, in reality, the focus will be exclusively on one technology, i.e. investing either R6.3 billion or R10.7 billion in one technology only, we do this here (as opposed to a bundle of technologies) for demonstration purposes. c) Given the on-going R&D in RE technologies, the unit costs are likely to come down, reducing the time it will take to reach the capacity of Medupi and Kusile. d) While it might be argued that it is currently unlikely that there are sufficient resources to invest in 1 300 MW of biomass based technology, or 660 MW of municipal solid waste (MSW) technologies annually on an on-going basis, with R&D and mprovements in efficiencies, this might become plausible soon. Also, in reality, a bundled approach is arguably the best way going forward, i.e. using a suite of technologies.
installed capacity as the two power plants, using the damage cost only, in under 20 years. That implies that over the 50-year life-span of Medupi and Kusile the alternative installed capacity of renewable energy technologies could have been more than doubled. From this, it is self-evident that the climate change related opportunity cost of Medupi and Kusile is equal to 21 700 MW of renewable electricity alternatives (8 677MW * 50years/20years). This is just more than half South Africa's current installed capacity and it exceeds the 17.8 GW capacity for renewables discussed in the IRP (RSA 2011:6) . While benchmarking this opportunity cost is difficult, it seems extraordinary high. The question therefore is: Can the country afford forgoing the opportunity to invest in 21 700MW of renewable alternatives? Notes 1. A discount rate refers to the time preference value of money. In other words at what rate does society value the worth of tomorrow's money with respect to today's money. The higher the rate is, the lower society considers the value of tomorrow's money. The pure rate of time preference (PRTP) is a specific form of discounting namely that it is the discount rate at which the consumption rate of both the current and future generations are held constant, i.e. no reduction or increase in welfare over time. In other words the time value of money and economic growth per capita are constant.
2. This point was highlighted by Professor Reyer Gerlagh, Tilburg School of Economics and Management in The Netherlands, personal communication. Negative discounting implies a net appreciation in the value of money over time.
3. It should be noted that the power plants will introduce flue gas desulphurisation (FGD) technology. This increases the demand for both coal and water as what otherwise would have been the case, but to the benefit of reduced sulphur emissions. CO 2 emissions are therefore higher due to the increase in coal consumption, but with the added benefit of reduced sulphur emissions. 
